From a large number of cultures of cellulolytic bacteria isolated from rumen contents of sheep conditioned to low-protein teff hay through the use of both a selective medium containing finely ground cellulose as energy source and a less selective medium containing cellobiose, xylan and starch, thirty isolates, representing three morphological types, were selected for detailed characterization. Nineteen isolates of Gram-negative curved rods belonged to the genus Butyrivibrio. Of these one was identical with and ten closely related to B. Jibrisolvens. The remaining eight Butyrivi brio cultures differed in several respects from the only other defined species within this genus, B. alactacidigens. Four coccal isolates were identified as Rminococcus albus and five as R.j ¶avefaciens. Two strains of sporeformers belonged to the genus Clostridium but could not be identified with any of the cellulolytic species of this genus listed by Bergey's Manual.
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I N T R O D U C T I O N
In a study of the carbohydrate and lactate-fermenting bacteria of the rumen of sheep conditioned to low-protein teff hay, Gilchrist & Kistner (1962) found that the most abundant cellulose-digesting bacteria were generally Gram-negative curved rods which usually produced narrow zones of cellulolysis in thin cellulose agar f i s . Gramnegative and Gram-positive cocci were also present in small numbers in cultures inoculated with high dilutions of the samples.
The present paper gives a fuller description of the cellulolytic bacteria occurring in sheep conditioned to this diet and relates them to previously described species. The majority of the cultures studied were isolated from agar media which contained acidtreated, ball-milled cotton wool cellulose (Hungate, 1950 ) as sole energy source. However, in view of the report of Halliwell & Bryant (1963) that this form of cellulose is an unsuitable substrate for some types of cellulolytic bacteria from the rumen, isolations were also made on a less selective medium containing cellobiose, xylan and starch. Of those isolates from this medium which were found to be cellulolytic, representative strains were included in the study.
METHODS
The methods used in the characterization of the isolates were similar to those described by Kistner (1960) and Kistner & Gouws (1964) . In the following, details will, therefore, only be given of amendments to the original procedures.
Isolation
Seventy-eight cultures were isolated non-selectively from cellulose agar films inoculated with the I O -~ and I O -~ dilutions of samples of strained rumen contents obtained on different dates from six Merino wethers which had been fed low-protein teff hay for at least 4 weeks. Of these, 27 were lost on serial transfer in cellulose agar as the result of poor growth. A further 16 of the 98 cultures isolated from CXS-agar films inoculated with the I O -~ or I O -~ dilutions of samples from the same sheep were found to be cellulolytic according to the test of Bryant & Burkey (I953a). Five of these were also lost on serial transfer in cellulose agar. The surviving cultures were examined for cell morphology, Gram reaction, motility, type of flagellation, the appearance of the colonies in cellobiose and cellulose agar films and the nature of the zones of cellulolysis surrounding the colonies in the latter medium.
Characteristics of the isolates
Three morphological types of cellulolytic bacteria were observed. In agreement with earlier findings (Gilchrist & Kistner, 1962 ; Gouws & Kistner, 1969, Gram-negative, curved rods were the most abundant cellulose-digesting bacteria in strained rumen fluid from sheep on this diet. The cells were 0.4-0.5 p in diameter by 1.0-1-8 , u long, with tapered ends. One isolate was exceptional in that the mean dimensions of the cells were 0.7 by 2.7 p. The cells occurred singly, in pairs and in short to long chains.
With one exception, the isolates were found to be motile, though even in 17 hr cultures the proportion of motile cells varied from test to test and was sometimes very low, especially in the chain-forming strains. The motile strains generally had single polar to subpolar flagella. However, in the case of those isolates which occurred mainly in long chains, it was difficult to determine the number of flagella per organism and the site of attachment. Surface colonies on cellobiose agar were generally tan-coloured, smooth, entire and flat to convex, while deep colonies in the same medium were spindle-shaped or Y-shaped. The zones of cellulolysis in cellulose agar films were narrow and often indistinct.
Second in abundance were Gram-negative, Gram-variable and Gram-positive cocci, the diameters of which varied between 0.6 and 0.9 p. The cells occurred singly, in pairs and, in the case of some isolates, in chains of variable length. Most of the isolates produced capsules. Colonies of the cocci on cellobiose agar were circular, spindle-shaped or punctiform, smooth, opaque, butyrous, with entire margins and 29 G. Microb. 55 
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flat to convex in elevation. The colonies in cellulose agar films mostly remained small, even after extended incubation, and the zones of cellulolysis were narrow and indistinct. However, two isolates gave rise to rhizoid colonies surrounded by fairly wide, distinct clearings. Two isolates produced yellow pigment when grown in cellulose agar.
Gram-negative, motile rods 2*4-30o,u long by 06-0.7,~ in diameter, with peril trichous arrangement of flagella, occurred in high numbers in rumen contents of two of the sheep on two sampling days. Old cells of these rods showed single, terminal to subterminal oval spores 1-3-1*6,u long by 03-0-8p in diameter, in swollen sporangia. Surface colonies on cellobiose agar films were punctiform to circular, sometimes rhizoid, smooth, opaque, butyrous, flat to convex, with entire margins. The colonies in cellulose agar films were small and irregularly shaped, surrounded by large transparent zones which were sharply demarcated from the background of undigested cellulose.
On the results of the preliminary tests, twenty-five newly isolated cultures were selected for more detailed characterization. In the case of the curved rods and the cocci, the isolates were selected to include a wide range of combinations of cell dimensions, Gram-reaction, chain formation, pigment production and appearance of the zones of cellulolysis. Since the isolates of sporeformers were very uniform in their morphological characteristics, only two cultures were included in the selection. To the newly isolated cultures were added four isolates of cellulolytic curved rods and one of a pigment-producing coccus obtained 1-2 years previously from four sheep which had been fed a similar batch of low-protein teff hay. Details of the origin of the selected isolates are shown in Table I . The morphological, cultural and biochemical characteristics determined for the curved rods and sporeformers are presented in Table 2 and those of the cocci in Table 3 .
Curved rods. The 19 isolates studied were generally similar in Gram reaction, morphology, motility, type of flagellation and in the size of the zones of clearing in cellulose agar. Few strains grew at 2 2 O , most at 30" and 45" and all at 37'. Ten strains grew without C02, none produced acetylmethylcarbinol or indole, none reduced nitrate and only one produced H2S. Unlike the non-cellulolytic Butyrivibrio species isolated on a casein-containing medium by Blackburn & Hobson (1962) , most of our cultures of curved rods did not liquefy gelatin. The carbon sources L-arabinose, galactose, sucrose, cellobiose, pectin, starch and xylan were fermented by all the isolates of curved rods, while none fermented brhamnose, glycerol, mannitol, inositol or sodium lactate. The isolates differed in the utilization of the remaining carbon sources listed in Table 2 . Although all cultures had produced zones of clearing in cellulose agar films, only four produced visually detectable solubilization of cotton wool and filter paper cellulose in liquid medium. All 19 isolates produced formate, butyrate, hydrogen and at least traces of ethanol in the fermentation of cellobiose in rumen fluid-containing medium. One group produced appreciable amounts of lactate and removed acetate from the medium during cellobiose fermentation, while a second group produced acetate but little or no lactate. These differences in fermentation patterns correlated well with differences in the nutritional requirements of the isolates, the acetate-producing cultures being more fastidious (Shane, I 966). It therefore seemed justifiable to subdivide the curved rods ino groups I and 2, as shown in Table 2 . The characteristics of isolates CE 52 and CE 74 were on the borderline between groups I and 2, both neither producing nor utilizing appreciable amounts of acetate, CeIIulolytic bacteria in sheep r m e n 449 though the fairly large concentrations of lactate produced seemed to indicate that they were more closely related to group I strains. However, isolate CE 74 was later moved to group 2 when its nutritional requirements were found to fit in more closely with this group. Cocci. The group of coccal isolates chosen for further characterization was comprised of Gram-negative, Gram-variable and Gram-positive cultures. It included cultures in which the cells occurred in short or long chains. The nine isolates had the following characteristics in common: growth at 37", no growth at 2 2 O ; no growth in the absence of CO,; no production of H2S or indole; nitrate not reduced, gelatin not liquefied; cellobiose and xylan fermented and either cotton wool or filter paper cellulose visibly solubilized ; L-arabinose, L-rhamnose, D-xylose, trehalose, glycerol, mannitol, inositol, salicin, aesculin, sodium lactate, inulin and starch not utilized ; pairs; c, chains: lc, long chains:
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Characters of
sc, short chains. of succinate correlated well with the production of only traces of ethanol. Accordingly, the coccal isolates were divided into groups I and 2 in Table 3 .
Sporeformers. The two cultures of sporeformers, CE 3 and CE 30, which were isolated from different sheep, were similar in all characteristics, except growth at 22".
Both grew at temperatures between 30" and 45" and required no C02 for growth. Neither produced acetylmethylcarbinol, Has or indole, reduced nitrate or liquefied gelatine. Of the carbon sources tested, only inositol and sodium lactate were not utilized. In spite of the fact that the sporeformers had produced extensive clearings in cellulose agar films, neither cotton wool nor filter paper cellulose were visibly solubilized in a liquid medium. The sporeformers produced large quantities of formate, acetate and ethanol and lesser amounts of hydrogen in the fermentation of cellobiose. Butyrate, lactate and succinate were not produced.
DISCUSSION
In so far as they are anaerobic, non-sporeforming, monotrichous, Gram-negative, curved rods that ferment carbohydrates with the production of large amounts of butyric acid, 18 of the 19 isolates of curved rods studied here doubtlessly belong to the genus Butyrivibrio (Bryant & Small, 1956 ). In the case of isolate CE 51, neither motility nor occurrence of flagella were demonstrated. Nevertheless, in view of general similarity of this isolate to other members of Group I, it seems justifiable to regard CE 51 as a member of the genus. A similar view was taken by Margherita & Hungate (1963) of a culture for which motility and presence of flagella could not be demonstrated, but which otherwise agreed with the description of the species B. jibrisolvens. With the exception of culture CE 64, the cells of our isolates are rather smaller than those of the strains described by Bryant & Small (1956) , but similar in size to those described by Blackburn & Hobson (1962) and Van Gylswyk (1968).
Within the genus Butyrivibrio, Bryant & Small defined only a single species, viz. B. Jibrisolvens. The characteristics of 17 of the 48 isolates studied in some detail by these workers did not fit the description of B.fibrisoZverts and the isolates differed so much amongst themselves, that no further species were defined. More recently, Hungate (1966) has proposed a second species, B. alactacidigens, to accommodate those strains which do not produce lactic acid in the fermentation of carbohydrate.
Of the lactate-producing isolates listed in group I of Table 2 , the characteristics of culture CE 53, only, fall within the definitions of Butyrivibrio jibrisolvens (Bryant & Small, 1956) , provided the differences in cell dimensions are ignored. The other members of our Group I may be regarded as closely related variants of this species. The characteristics in which they differ from B. jibrisolvens are : possible abs&ce of flagella and lack of motility (strain CE 51); growth 
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The acetate-producing isolates listed under Group 2 in Table 2 differ more from one another than the acetate-utilizing isolates of group I. None of the former could be identified with Butyrivibrio alactacidigens (Hungate, I 966). Isolate 6 B was most closely related to this species, differing from it in fermenting D-xylose, solubilizing cellulose (though not visibly in liquid medium) and not fermenting L-rhamnose. The other members of group 2 differed from B. alactacidigens in six to eight characters.
The results presented in Table 2 seem to suggest that the good correlations between acetate utilization, 'high lactate' and 'low formate' on the one hand, and between acetate production, 'low lactate' and 'high formate' on the other hand would possibly provide a better basis for dividing the genus Butyrivibrio into species than the scheme based mainly on production or lack of production of lactic acid. A detailed study, with standardized methods, of a large number of Butyrivibrio isolates obtained from different habitats and different geographic locations, followed by estimation of the degree of similarity between the isolates, could help much to resolve the present unsatisfactory taxonomic state of the genus Butyrivibrio. An investigation along these lines, albeit of a more limited scope, for Ruminococcus isolates from the rumen of sheep on three different diets was described by Jarvis & Annison (1967).
The coccal isolates listed in Hungate (1966) . Isolate CE 77 is closely related to this species but differs from it in being able to ferment a larger variety of carbohydrates. This also holds for one of the strains studied by Dehority (1962).
By virtue of their morphological characteristics and requirement for anaerobic conditions for growth, the sporeformers belong to the genus Clostridim. However, they differ in many respects from the cellulolytic sporeformers C. ce2Zobiopam (Hungate, I 944), C. Zochheadii and C. Zongisporum (Hungate, 1957) previously isolated from the rumen. Moreover, they could not be identified with any of the cellulolytic Clostridium species listed in Bergey's Manual (1957). In view of their sporadic occurrence in high dilutions of rumen contents from only two sheep on low-protein teff hay, they are probably of minor significance in cellulose digestion in the rumen. Clostridium Zochheadii and C. Zongisporum, likewise, occurred only sporadically in high numbers in rumen contents of cows fed different combinations of timothy hay, salt and concentrates (Hungate, 1957) .
It should be noted that the isolates obtained from CXS-agar films belonged to the same groups as those obtained from cellulose agar films. Bacteroides svlccinogenes which has been reported as one of the more abundant cellulolytic bacteria in rumen contents of cattle on different diets, including low-protein wheat straw (Hungate, 1950; Bryant & Burkey, 1953b) was not found among the isolates. Even though the cotton wool cellulose used in our media for direct cellulolytic counts and isolations could have been a physically unsuitable substrate for growth of this organism, it should have been able to utilize the cellobiose in the CXS-agar and therefore have shown up among the isolates from this medium, had it been present in high numbers in the samples.
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Though Table I presents information on the origin of only those isolates which were studied in detail, it is evident that morphologically and physiologically similar strains of butyrivibrios and ruminococci were isolated from the same sheep on different sampling dates and also simultaneously from different sheep. On the other hand, different species of the same genus occurred in the same sample of rumen contents. The four Butyrivibrio cultures and one R.flavefaciens strain which had been isolated 1-2 years previously from sheep conditioned to low-protein teff hay, did not differ more from the newly isolated members of their respective groups than these amongst themselves. Thus, although a particular strain of a functional rumen micro-organism may disappear from the rumen in a matter of months, as is suggested by the serological studies of Margherita & Hungate (1963), it is probably replaced by physiologically similar strains.
The fact that a greater diversity of cellulose-digesting bacterial species normally occurs in the rumen contents from sheep conditioned to low-protein teff hay than in rumen contents of sheep conditioned to lucerne hay, suggests that in the former habitat environmental conditions do not favour the selection of a particular species to the same extent as in the latter. The degree to which the nutritional requirements of the various species are met by the environment probably plays a major r6le in the establishment of a balance between competing species. As a preliminary step in examining such relationships, a subsequent paper will deal with studies of some nutritional requirements of different species of cellulolytic bacteria.
